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Abstract 
In radiation accident, detecting the accurate radiation rapidly is very important for rescuing wounded persons and dealing with the 
emergency. In the past decades, aqueous chemical dosimeter was widely used in the dose monitoring of radiation. However, each 
chemical dosimeter has a dose detection limit, for example, ×107 Gy for Frick dosimeter and 1000 Gy for FBX (ferrous sulphate-
benzoic acid-xylenol orange) one. Those chemical dosimeters are not suitable for monitoring of dose less than 1000 Gy. In this work, 
CeO2 nanowires were synthesized by a hydrothermal method for developing a new low dose aqueous -radiation dosimeter. The 
researching results showed that the aqueous CeO2 nanowire dosimeter exhibited high sensitivity to -radiation of less than 1000 Gy dose 
and a good linear response in dose range from 20 Gy to 500 Gy. The radiation response mechanism of the CeO2 nanowires aqueous -
radiation dosimeter is given as well. Furthermore, the effect of the initial CeO2 concentration on absorption varying rate of the CeO2
nanowires aqueous -radiation dosimeter was also investigated. The results indicated that absorption varying rate increased with the CeO2
concentration decreasing. In a lower concentration of 0.05 mg/ml, the relative absorption variation rate of CeO2 nanowires aqueous 
reached more than 83% under 28 Gy. A radical scavenger (ethanol) was added in the CeO2 nanowires aqueous to researching impact of 
radicals on the reaction of the CeO2 nanowires with -ray. There was almost no change of the absorption observed after ethanol adding, 
indicating the radicals produced from water radiolysis were closely relevant to the reaction of the CeO2 nanowires with -ray. The CeO2
nanowires dosimeter may be used as a highly sensitive, cost-effective dosimeter in ultra-low dose environment, which can help fireman 
detecting the radiation rapidly in radiation accident emergency rescue.  
© 2012 The Authors. Published by Elsevier Ltd.  
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1. Introduction 
      Recently, aqueous chemical dosimetry attracts many interests of scientists, because of its wide applications, such as 
medicinal physics [1], radiation processing and research [2], and nuclear power generation [3]. However, the detection limit of 
each aqueous chemical dosimetry is restricted, for example, 3×107 Gy for Frick dosimeter [4] and 1000 Gy for FBX 
(ferrous sulphate-benzoic acid-xylenol orange) one [5]. Up to now, there are few reports on chemical dosimeters with a 
detection limit less than 1000 Gy. In order to develop a new kind of low dose radiation dosimeters, some researching 
groups have devoted themselves to investigating the influence of radiation on the properties of metal oxide materials [6-9]. 
Among these metal oxides, cerium oxide attracts much attention because of its cerium valence-related optical property. As 
sensing material for both non-ionization and ionization radiation, CeO2 has found its applications in many aspects, such as 
fast-response gas sensors [10], ultraviolet ray detector [11], and gamma radiation dosimetry [12, 13]. CeO2 is usually fabricated 
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into forms of nanoparticles, thin films and, nanowires. In particular, the CeO2 nanowires have larger aspect ratio than that 
of CeO2 nanoparticles, resulting in larger cross-section of interaction with radiation while they are suspended in a solution, 
which can improve the sensitivity of the aqueous chemical dosimetry based on CeO2 nanowires. In this paper, a new -ray 
dosimeter based on the aqueous solution of CeO2 nanowires was fabricated. The transmittance of the nanowires solution 
was used to monitor the -radiation, showing a good linear response in the dose range of 20 Gy to 500 Gy. Furthermore, 
the effect of the initial CeO2 concentration on absorption varying rate of the CeO2 nanowires aqueous -radiation dosimeter 
was also investigated. At last, a radical scavenger (ethanol) was added in the CeO2 nanowires aqueous to researching impact 
of radicals on the reaction of the CeO2 nanowires with -ray. 
 
2. Experimental procedure 
CeO2 nanowires were synthesized as the former reports [14~16]. All chemicals used in this work were high-purity chemical 
reagents without further purification. The products obtained were washed using deionized water and alcohol for several 
times, and then dried in air at 60  for 12h. 
The crystal structure of the nanowire obtained were examined by x-ray powder diffraction with graphite 
monochromatized CuK  radiation (BrukerD8, =0.15405nm). The morphology of the as-synthesized CeO2 nanowires were 
observed by field-emission scanning electron microscopy (FE-SEM, LEO1550), transmission electron microscope (TEM, 
FEI-Tecnai 20, operated at 200keV). 
The -ray dosimeters were made up of 1.17 10-4g/ml homogeneous solution of CeO2 nanowires, which were fabricated 
by dispersing the CeO2 nanowires in deionized water by magnetic and ultrasonic stirring. A disc-type 137Cs source with an 
activity of 185 KBq/s was used for irradiating the samples at room temperature. During the irradiation, the environmental 
conditions, such as temperature, humidity and light illumination, were maintained constant to ensure that they do not 
interfere with the response characteristic of the dosimeter. The transmittance and absorption spectral characterization of the 
CeO2 nanowire aqueous solution, before and after irradiation, were performed using a Shimadzu UV-2550 
spectrophotometer. 
 
3. Results and discussion 
Fig.1 shows the XRD pattern of the as-prepared nanowires. The angle and intensity of all the peaks in this pattern can 
only be indexed on the basis of the reported cubic phase ceria. The coincidence of the experimental peaks to those of the 
standard structure data file indicates that the ceria is of face-cantered cubic structure. 
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     Fig.1. XRD pattern of the as-synthesized nanowires. 
Fig.2 is a typical SEM image of the CeO2 nanowires, showing a general view of their morphological characteristics. The 
product is highly dominated by CeO2 nanowires with a diameter of 20 nm and a length of about 1.5 m. Fig.3a shows the 
TEM image of the precursor of CeO2 nanowires prepared from hydrothermal route. This shows that the diameter of the 
nanowire is about 20nm.The energy dispersive spectrum (EDS) in Fig.3b indicates that the nanowires are composed of 
element Ce and O. The Cu and C signals are attributed to the copper meshes for TEM observation. Consequently, the 
products that are obtained are CeO2 nanowires. 
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Fig.2. FE-SEM image of the CeO2 nanowires. 
     
Fig.3. (a) TEM image of the nanowires. (b)EDS spectrum of as prepared CeO2 nanowires. 
It is well known that the UV absorption in cerium oxides is brought by a charge-transfer transition between O 2p and Ce 
4f bands [17]. The band gap of CeO2 is roughly 3.3eV [18]. When the solution is exposed to gamma radiation, the increase in 
the transmittance is observed. The relative increase of the transmittance, denoted as , for each sample was given based on 
the following formula: 
                                                                      0 0
[( ) / ] 100%DT T T                                                                                           1  
where TD and T0 are the transmittance of CeO2 nanowires after and before gamma-ray irradiation respectively. Fig.4 shows 
changes in the transmittance of the CeO2 nanowires in the solutions at 305nm versus dose of gamma radiation. The solid 
line is a linear fit to the data, indicating a good linearity in the response of the solution dosimeter to  radiation. The results 
showed that the transmittance at ~305nm increased with radiation dose. 
 
Fig.4. Transmittance intensity changes in solution (at 305nm) versus time of gamma dose. 
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Usually, radicals and solvated electrons are formed as a result of ionizing radiation interaction with matter. They can 
later react with molecules in the environment. During gamma-ray irradiation, water radiolysis happened within about 10-7 S. 
Three reactive species, hydrogen atoms H ; hydrated electrons eaq-; and hydroxyl radicals OH, as well as the less 
reactive species H3O+, were produced [19]. 
                                                              H2O eaq-+ H +OH+ H2 +H2O2 +H3O+                                                                                    2  
eaq-, H· and H2O2 could react with CeO2, some Ce4+ would have a tendency to reduce into Ce3+ to form a more stable 
fluorite structure [20]. The reaction could be described as follows (3) ~ (6) [21]: 
                                                                             eaq-+ H+ H                                                                                                              3  
Ce4+ + H Ce3+ +H+                                                                                                          4  
H  + O2  HO2                                                                                                               5  
Ce4+ + HO2  Ce3+ +H+ +O2                                                                                                6  
Therefore, -ray will transfer much more energy into the nanowire with larger surface, and, accordingly, produce much 
more reactive species in solution and more oxygen vacancies on the surface of CeO2 nanowires. Consequently, the nanowire 
dosimeter has higher sensitivity to radiation.  
The effect of the initial CeO2 concentration on absorption varying rate of the CeO2 nanowires aqueous -radiation 
dosimeter was also investigated. The aqueous CeO2 nanowire solutions were prepared at room temperature, under 
atmospheric conditions prior to irradiation. Fig.5 shows the absorption spectra of the radiolytic reaction of CeO2 with 
different initial aqueous concentrations. Each kinetic experiment was conducted twice, showing almost identical results. 
Fig.5 (a) shows the UV absorbances of CeO2 nanowires solution with the concentration of 0.05 mg/ml 0.1 mg/ml 0.2 
mg/ml 0.4 mg/ml 0.8 mg/ml before gamma-ray irradiation. Fig.5 (b) shows the UV absorbances of the different 
concentration solution after 28 Gy irradiation. The results showed that all UV absorbances intensity decreased. Fig. 5 (c) 
shows the  values of the different concentration solutions after 28 Gy irradiation. As shown in Fig. 5 (c), the  values were 
67.70 % 50.68 % 35.27 % 25.63 % for 0.1 mg/ml 0.2 mg/ml 0.4 mg/ml 0.8 mg/ml CeO2 nanowires aqueous 
respectively. The relative absorption variation rate of lowest concentration (0.05 mg/ml) CeO2 nanowires aqueous reached 
the largest value (83.82%), which indicated that absorption varying rate was inversely proportional to the CeO2 
concentration. The reason for this is that the lower initial concentration, the less quantities of the CeO2 in per unit volume, 
therefore, CeO2 would react more adequately with the same quantity radicals produced from water radiolysis, resulting in 
more radiation doses absorbed by per unit CeO2 nanowires. 
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Fig.5 (a)The UV absorbance of CeO2 nanowires solution with the concentration of 0.05 mg/ml 0.1 mg/ml 0.2 mg/ml 0.4 mg/ml 0.8 mg/ml before 
gamma-ray irradiation.(b) The UV absorbances of the different concentration solution after 28 Gy irradiation. (c) The  values of the different 
concentration solutions after 28 Gy irradiatio 
 
 
 
 
Fig.6 (a) The UV absorbance of CeO2 nanowires solution with the radical scavenger (ethanol) after irradiation. (b) The absorption spectrum varying rates 
of the samples (at 305nm) under different dose of gamma radiation 
Experiments were performed with adding radical scavengers into solution to investigate the effects of radicals on 
radiolytic decomposition of CeO2. An aqueous CeO2 nanowires solution was mixed with ethanol, as the radical scavenger, 
to obtain a homogeneous solution with the same initial concentration as the frontal experiments. Then the mixed solutions 
were irradiated and maintained the same surrounding environment such as temperature, humidity, and light, etc. The 
aqueous CeO2 nanowire solution, without any radical scavenger, was completely degraded after 28 Gy irradiation (Fig.4). 
Differently, when the radical scavenger was added in the solution, there was almost no change of the UV absorbance 
observed after radiation (Fig.6 (a)), indicating the radicals produced from water radiolysis were closely related to the 
reaction of CeO2. Fig.6 (b) shows the absorption spectrum varying rates of the samples under different dose of gamma 
radiation. The absorption spectrum varying rate of CeO2 nanowires aqueous solution was just 2.88% at 305 nm after 28 Gy 
illumination, and the absorption spectrum varying rate appreciably increased with the increase of radiation dose. When the 
aqueous solution was illuminated for 65.5 Gy 160.8 Gy 236.0 Gy 341.0 Gy 462.0 Gy respectively, the 
corresponding absorption spectrum varying rates were 7.48 % 8.33 % 9.88 % 11.55 % 10.33 %. Comparing to the 
CeO2 nanowires aqueous solution, the change of absorption spectrum of the CeO2 nanowires solution composed of ethanol 
was relative low, ascribing to that ethanol is the scavenger to eaq- H·, and OH·, reacting as the following equations(7)~(9): 
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3 2 2 3 OH + CH CH OH H O + CH C HOH                                                                                     7  
3 2 2 3H + CH CH OH H CH CHOH                                                                                          8  
-
3 2 3 2CH CH OH H CH CH O                                                                                               9  
Therefore, the number of the free radicals decreased, leading to less change of absorption spectrum than that of CeO2 
nanowires aqueous solution. It can be concluded that the radicals produced from water radiolysis are necessary to the 
radiation reaction of CeO2. 
 
4. Conclusion 
A new low dose aqueous -radiation dosimeter based on CeO2 nanowires has been fabricated. This kind of aqueous CeO2 
nanowire dosimeter exhibited high sensitivity to -radiation of less than 1000 Gy dose and a good linear response in dose 
range from 20 Gy to 500 Gy. The absorption varying rate increased with the CeO2 concentration decreasing. The radical 
produced from water radiolysis is requisite to the reaction of the CeO2 nanowires with -ray. The CeO2 nanowires dosimeter 
possesses advantages of both highly sensitivity and cost-effective in ultra-low dose environment, which can help fireman 
detecting the radiation rapidly in radiation accident emergency rescue. 
 
 
References 
[1] Rahn, R.O., 2003. Chemical dosimetry using an iodide/iodate aqueous solution: application to the gamma irradiation of blood, Applied Radiation 
Isotopes 58, p.79. 
[2] Mclaughlin, W.L., Boyd, A.W., Chadwick, K.H., et al.,1989. Dosimetry for Radiation Processing, Taylor&Francis, London. 
[3] Fernández, F., Bakali, M., Amgarou, K., et al., 2004. Personal neutron dosimetry in nuclear power plants using etched track and albedo 
thermoluminescence dosemeters, Radiation Protection Dosimetry 110, p.701. 
[4] Fricke, H., and Morse, S., 1927. The chemical action of roentgen rays on dilute ferrosulfate solutions as a measure of dose, American Journal of 
Roentgenology, Radium Therapy, and Nuclear Medicing 18, p.426. 
[5] Gupta, B.L., 1972. Low level dosimetry stuies with the FeSO4-benzoic acid-xylenol orange system, Dosimetry in Agriculture, Industry, Biology and 
Medicine.IAEA, Vienna, p. 421. 
[6] Arshak, K., Korostynska, O., Harris, J., 2002. “Gamma radiation dosimetry using screen printed nickel oxide thick films”, Proceeding of MIEL 2002, 
23rd International conference on Microelectronics. 1, pp. 357-360. 
[7] Atanassova, E., Paskaleva, A., Konakova, R., et al., 2001. Influence of -radiation on thin Ta2O5-Si structures, Microelectronics Journal 32, p.553. 
[8] Mucka, V., Podlaha, J., Silber, R., 2000. NiO-ThO2 mixed catalysts in hydrogen peroxide decomposoition and influence of ionizing radiation, 
Radiation Physics and Chemistry 59, p. 467. 
[9] Arshak, K., Korostynska, O., 2004. Thick film oxide diode structures for personal dosimetry application, Sensors and Actuators A: physical 113, p.319. 
[10] Jasinski, P., Suzuki, T., Anderson, H.U., 2003. Nanocrystalline undoped ceria oxygen sensor, Sensors and Actuators B: Chemical 95, p.73. 
[11] Fu, X.Q., Wang, C., Feng, P., et al., 2007. Anomalous photoconductivity of CeO2 nanowires in air, Appied Physics Letters 91, p. 073104. 
[12] Arshak, K., Korostynska, O., 2006. Response of metal oxide thin film structures to radiation, Materials Science and Engineering B 133, p.1. 
[13] Arshak, K., Korostynska, O., Fahim, F., 2003. Various structures based on nickel oxide thick films as gamma radiation sensors, Sensors 3, p.176. 
[14] Huang, P.X., Wu, F. B., Zhu, L., et al., 2005. CeO2 nanorods and gold nanocrystals supported on CeO2 nanorods as catalyst, The Journal of Physical 
Chemistry B 109, p.19169. 
[15] Fu, X.Q., Wang, C., Yu, H.C., et al., 2007. Fast humidity sensors based on CeO2 nanowires, Nanotechnology 18, p.145503. 
[16]Li, Y. Y., Dong, X., Zhang, H. Q., et al., 2009. A higly sensitive -radiation dosimeter based on the CeO2 nanowires, Physica E: Low-dimensional 
systems and nanostructures 41, p.1550. 
[17] Ranga, R.H., Ranjan, S.H.,2001. XRD and UV diffuse reflectance analysis of CeO2-ZrO2 solid solutions synthesized by combustion method, 
Proceedings of the Indian Academy of Sciences. Chemical Sciences 113, p.651. 
[18] Afanas’ev, V.V., Shamuilia, S., Stesmans, A., et al., 2006. Electron energy band alignment at interfaces of (100) Ge with rare-earth oxide insulators,  
Applied Physics Letters 88, p.132111. 
[19] Ni, L., Zheng, Z., Li, S., et al., 2003. 2, 4-D Degradation by electron beam irradiation: Influence of oxygen concentration, Bulletin of Environmental 
Contamination and Toxicology 71, p.176. 
[20] Garvie, L. A. J., Buseck, P. R., 1999. Determination of Ce4+/Ce3+ in electron-beam-damaged CeO2 by electron energy-loss spectroscopy, Journal of 
Physics and Chemistry of Solids 60, p.1943. 
[21] Matthews, R. W., Mahlman, H. A., Sworski, T. J., 1972. Elementary processes in the radiolysis of aqueous sulfuric acid solutions. Determinations of 
both GOH and GSO4, The Journal of Physical Chemistry 76, p.1265. 
 
 
